A Lagrangian analysis of a particle sinking through a random mesoscale eddy field is used to evaluate the effects of horizontal diffusion and particle sinking rates on particulate fluxes sampled by an idealized sediment trap. The analysis indicates that the spatial region where collected particles are formed ( 
surface phytoplankton blooms [Bennett and Denman, 1985;  Here, a Lagrangian analysis of a particle sinking in a random 1989]. An excellent introduction to the Lagrangian horizontal eddy field is used to investigate the sampling of formulation of turbulent transport is given by Tennekes and particle fluxes. This analysis represents a quantification of the Lurnley [1972] . "statistical funnel" that lies above a sediment trap [Deuser et al., 1988] . The results of this analysis relate the effects of the A LAGRANGIAN ANALYSIS OF SINKING PARTICLES mesoscale eddy field above the sediment trap to the horizontal The trajectory (or path) that a particle traverses as it sinks length scale over which a perfect sediment trap would sample from its formation at the surface to the sediment trap at a depth particulate fluxes. These same considerations also apply to the H may be denoted as xi(a;t), where a is the location of the sedimentation of sinking particulate material at the sea floor. sediment trap, the subscript i refers to the ith particle, and t is time (the particle starts sinking at t=0 where the Lagrangian velocity of the particle (vi(a;t)) includes its intrinsic sinking speed. The Lagrangian velocity of the particle may be expressed in terms of the Eulerian fluid velocity 5305 (that is, at a fixed point in space) at the instantaneous location of the particle and the particle's sinking velocity by vi(a;t) = u(xi(a;t),t ) + si(t)
where si(t ) is the vertical sinking speed of the ith particle (positive downward) and u(xi(a;t),t) is the three-dimensional fluid velocity acting upon the particle along its trajectory. The time required for a particle to sink from its formation at the sea surface to its collection (T i) at a trap at a depth H may be determined using H J[w(x " ' = i(a,t ),t ) + si(t')] dt'
To simplify the analysis, we assume that the time average (from 0 to Ti) of the vertical fluid velocity evaluated at the particle (w(xi(a;t),t)) is much less than average sinking speed horizontal velocity are statistically stationary, the variance of the particle "cloud" distribution may be estimated [Taylor, 1921] Table 1 ). For a trap deployed at 1000-m, these sinking rates correspond to mean sinking times of 0.4 to 10000 days. These sinking times can be much greater or much less than typical Lagrangian integral time scales (xxx_--10 days) depending upon the type of particle and the depth of the trap. Figures 2a and 2b ). An ideal sediment trap at 1000-m will collect a sample of the entire spectrum of sinking particles at that depth, a combination of both rapidly sinking and slowly sinking particles. The rapidly sinking particles, with small averaging scales, will have been produced locally, directly above the trap. In contrast, fluxes of the slowly sinking particles will be averaged over large geographic distances, and the conditions above the trap may not be representative of the environment in which the particles were originally formed. At the sea floor (that is, at depths of roughly 4000 m), very slowly sinking particles will have horizontal averaging scales approaching the dimensions of the oceanic basins (thousands of kilometers; Figure 2b ). (Table 1) and hence length scales of tens to hundreds of kilometers. Patches of high plankton abundance or biological activity (i.e., blooms) are a common feature in the surface waters of many ocean systems. Localized patches of high particulate exports may arise from such near-surface blooms (e.g., post phytoplankton bloom algal settlement, fecal pellet fluxes from salp or crustacean swarms, etc.). The mesoscale eddy field that disperses the sinking particles will have major effects upon the measurement of particle fluxes. If the sediment trap array is located directly beneath the bloom (as might happen in a study specifically designed to study such an event), the particle export will appear to decrease with depth (Figure 3a) . Conversely, if the trap is located away from the event, the sinking particles will begin appearing in the trap at depth (Figure 3b The preceding discussion does not consider vertical variations time closer to the sea surface, the averaging scale would be less in either sinking rates (S i), eddy kinetic energy (KE), or than the present estimates. Lagrangian integral time scale (xxx). Sinking rates of The horizontal advection of particles by mean currents (i.e., phytoplankton cells depend not only on the size, shape, and gyre circulations, boundary currents, localized convergences or composition of the cells but also upon the physiological state upwelling sites, etc.) can also strongly influence the motion of of the cells [e.g., Granata, 1987] . It is likely that a sinking particle. For example, sinking particles will be phytoplankton cells change physiologically or die as they advected in a vertically uniform mean current (U=I cm s -1) a sink through the aphotic zone. As particles settle into the distance of over 800 km for a mean sinking speed of 1 m d -1 and more dense, deep sea, their sinking rates will change as the about 8 km for an Si of 100 m d 'l (at a 1000-m trap). The mean density contrast between the particle and sea water is reduced. advection of particulate material must be considered; however, However, it is the mean Si and KE, calculated over the path of these processes to not act to disperse the particulate field. The the sinking particle, which determine the extent over which combination of eddy diffusion and mean advection would particle fluxes will be sampled. produce a horizontally tilted conelike spatial region over Particle aggregation, breakup, consumption, and trans-which the trap will sample particle fluxes. It is simple to create formation processes occur at all depths and frequently result in scenarios where a trivial fraction of the particles collected by a changes in the settling rate or disappearance of the particle trap will have been formed locally. This quantification cannot class altogether [Urrere and Knauer, 1981 ; Alldredge and Silver, be made rigorously using the simple analysis presented; 1988]. Particle fragmentation followed by repackaging may however, detailed eddy resolving general circulation model significantly increase the residence time of material in the deep simulations could be used for this purpose [e.g., BOning and sea. Therefore midwater particle transformation processes Cox, 1988] . would act to increase the spatial averaging scale of the The present analysis does not apply quantitatively to the collected material far beyond values expected for the most sampling of fluxes from free-drifting sediment traps. This is rapidly sinking particles. These considerations are most because a large portion of the horizontal velocity structure of the mesoscale eddy field is barotropic (that is, the horizontal Deuser, W. 
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